A multivalent live oral vaccine against both Shigella spp. and enterotoxigenic Escherichia coli (ETEC) is being developed based on the hypothesis that protection can be achieved if attenuated shigellae express ETEC fimbrial colonization factors and genetically detoxified heat-labile toxin from a human ETEC isolate (LTh). Two detoxified derivatives of LTh, LThK63 and LThR72, were engineered by substitution-serine to lysine at residue 63, or lysine to arginine at residue 72. The genes encoding these two derivatives were cloned separately on expression plasmids downstream from the CFA/I operon. Enterotoxigenic Escherichia coli (ETEC) and Shigella spp. are important causes of diarrheal disease in infants and young children in developing countries and are two major etiologic agents of traveler's diarrhea that are targeted for prevention (5, 13, 17, 24, 30, 47) . The pathogenesis of ETEC involves fimbria-mediated colonization of the proximal small intestine followed by the elaboration of heat-labile toxin (LT) and/or heat-stable toxin that leads to net intestinal secretion (29, 33 ). An array of antigenically distinct fimbriae elaborated by ETEC strains associated with human disease, referred to as colonization factor antigens (CFAs) or coli surface antigens (CSs), have been described, of which CFA/I is the prototype (29, 32, 59). Considerable evidence indicates that immune responses, particularly intestinal secretory immunoglobulin A (sIgA), directed against these fimbriae, mediate protective immunity against ETEC diarrheal disease (6, 10, 15, 34). Protection, however, is limited to the homologous fimbrial type, and therefore an ETEC vaccine will require the inclusion of multiple fimbrial antigens to confer broad-spectrum protection.
Enterotoxigenic Escherichia coli (ETEC) and Shigella spp. are important causes of diarrheal disease in infants and young children in developing countries and are two major etiologic agents of traveler's diarrhea that are targeted for prevention (5, 13, 17, 24, 30, 47) . The pathogenesis of ETEC involves fimbria-mediated colonization of the proximal small intestine followed by the elaboration of heat-labile toxin (LT) and/or heat-stable toxin that leads to net intestinal secretion (29, 33 ). An array of antigenically distinct fimbriae elaborated by ETEC strains associated with human disease, referred to as colonization factor antigens (CFAs) or coli surface antigens (CSs), have been described, of which CFA/I is the prototype (29, 32, 59) . Considerable evidence indicates that immune responses, particularly intestinal secretory immunoglobulin A (sIgA), directed against these fimbriae, mediate protective immunity against ETEC diarrheal disease (6, 10, 15, 34) . Protection, however, is limited to the homologous fimbrial type, and therefore an ETEC vaccine will require the inclusion of multiple fimbrial antigens to confer broad-spectrum protection.
Neutralizing anti-LT is detected in the sera of patients convalescing from diarrhea caused by LT-producing ETEC and cross-reacting antitoxin elicited by cholera toxin (CT) B subunit has provided short-term protection against diarrhea caused by LT-producing ETEC (7, 45) . Therefore, an ETEC vaccine should also include an appropriate nontoxic antigen to elicit neutralizing LT-antitoxin.
Rappuoli and coworkers constructed K63 and R72 mutants from the wild-type LT of a porcine ETEC strain (20, 46) . LTK63 is totally devoid of enzymatic activity, whereas LTR72 shows only 0.6% of LT enzymatic activity (20) . These mutant LTs stimulated LT antitoxin in mice and function as adjuvants when coadministered intranasally or orally to mice along with other protein antigens (11, 12, 49) . The amino acid sequence of the LT found in human ETEC isolates (LTh) varies from the porcine LT by only 3 amino acids in the A subunit and 4 amino acids in the B subunit (60) . Nevertheless, LTh and porcine LT exhibit distinct epitopes, and each functions differently as an immunogen and as an antigen in binding LT antibodies (3, 36, 56) . To develop a vaccine more relevant for humans, we constructed two nontoxic LTh derivatives with the mutation K63 or R72.
Attenuated strains of Shigella are being investigated as mucosal vaccines to prevent shigellosis (8, (26) (27) (28) 57) . Moreover, we demonstrated the utility of attenuated Shigella as live vectors to coexpress CFA/I and CS3 fimbriae of ETEC and elicit immune responses to those antigens (43) . Building on these encouraging preliminary results, we are now constructing, in a stepwise fashion, a multivalent Shigella-ETEC vaccine that, ultimately, will contain five attenuated Shigella serotype strains, each expressing two different ETEC fimbriae and mutant LT (28, 31, 41) .
In another logical step in this program, we utilized an improved Shigella flexneri 2a vaccine strain, CVD 1204, which harbors a deletion in the guanine nucleotide biosynthesis pathway (⌬guaBA) rendering the strain auxotrophic for guanine and highly attenuated in animal models (42) as a live vector to assess refined expression plasmids encoding CFA/I and LThK63 or LThR72. The level of expression of the ETEC antigens was documented prior to investigating the immunogenicity of the live vector constructs. We also explored whether expression of the ETEC antigens altered the ability of the live vector to protect mucosally immunized guinea pigs against challenge with wild-type Shigella. 
MATERIALS AND METHODS
Bacterial strains and growth conditions. Strains and plasmids used are listed in Table 1 . Strains were grown in Luria-Bertani (LB) broth. Shigella was grown on tryptic soy agar (TSA) with Congo red and guanine and E. coli was grown on LB agar. Carbenicillin and kanamycin were used at a concentration of 50 g/ml, and guanine was added to a final concentration of 0.001%. Molecular genetic techniques. Restriction enzymes, ligase, and polymerase were purchased from GIBCO BRL (Gaithersburg, Md.) or New England Biolabs (Beverly, Mass.) and used according to the manufacturers' instructions. All transformations were performed in E. coli DH5␣ made chemically competent following the rubidium chloride method. S. flexneri 2a CVD 1204 cells were made electrocompetent by growing cells to mid-log phase (optical density at 600 nm [OD 600 ], 0.5 to 0.8) at 30°C. Cells were then washed twice with sterile, cold 10% glycerol in distilled H 2 O and resuspended in 1/75 the original culture volume in sterile, cold 10% glycerol in distilled H 2 O. Electroporation conditions were 1.75 kV, 600 ⍀, and 25 F.
Construction of pKC. The aminoglycoside phosphotransferase gene (aph) from Tn5, which confers kanamycin resistance, was amplified by PCR from the template pIB279 using the primers 5Ј-GCTCTAGAGCACAGCAAGCGAACC GGAATTGC-3Ј and 5Ј-GGACTAGTCGCTCAGAAGAACTCGTCAAGAA G-3Ј. This fragment was cloned into pGEN9 (18) as an XbaI-SpeI fragment replacing the bla gene, resulting in pKG9.
The construction of pJGX15 harboring the cfaABCE genes from ETEC strain H10407 has previously been described (19) . The 5Ј end of the CFA/I operon was modified to include restriction endonuclease sites SstI-EcoRV-SstII by PCR using the primers 5Ј-TCCGAGCTCGATATCCCCGCGGAAGCTCAGGAGG AAATATGCAT-3Ј and 5Ј-CTTTAACGCCTGCTCTAACATT-3Ј and ligated into the SstI and BglII sites of pJGX15. These primers leave 18 bp upstream from the ATG start codon of cfaA intact. The modified cfaABCE genes were then cloned into pKG9 as an EcoRV-XhoI fragment to result in pKC. The plasmid was transformed into DH5␣, and colonies were screened by agglutination with CFA/I antiserum. The plasmids from agglutinating DH5␣ were purified and electroporated into CVD 1204 and screened again by agglutination with CFA/I antiserum.
Construction of LThK63 and LThR72. The plasmid from ETEC strain H10407 that encodes LTh was extracted using a modified Birnboim and Doly preparation (4) . Primers modified to include restriction endonuclease sites EcoRV-SalIBamHI at the 5Ј end, 5Ј-CGGATATCCGTCGACGGGATCCCGATCCTCGC ATGGATGTTTTATAAAAAACATCA-3Ј, and BglII-NheI sites at the 3Ј end, 5Ј-CGGCTAGCGAAGATCTTCTAGTTTTCCATACTGATTGCCGCAATT GA-3Ј, were used to amplify, by PCR, the wild-type eltAB genes plus the native promoter. The PCR product was cloned into the pGEM-T (Promega, Madison, Wis.) cloning vector. Colonies were screened by colony immunoblot with anti-LT subunit A (anti-LTA) and anti-LT subunit B (anti-LTB) antibodies (Biogenesis, Sandown, N.H.). Clones with high affinity for both antibodies were sequenced. The resulting eltAB operon was moved from pGEM-T as an SstII-PstI fragment into pBluescript KS.
From plasmids carrying porcine mutant eltA with the K63 or R72 modifications, a XbaI-NdeI fragment containing the mutated regions was exchanged into our plasmids containing eltA from H10407. In this manner, two new plasmids, pLThK63 and pLThR72, were derived. The sequence of the eltAB regions of these plasmids was confirmed. Construction of pKCL63 and pKCL72. To construct plasmids coexpressing CFA/I and each of the mutant LThs, the modified operons encoding LTh were cloned as XhoI-NheI fragments downstream from the cfaABCE genes in pKC, resulting in two new constructs named pKCL63 and pKCL72 (Fig. 1 ). These constructions were electroporated into CVD 1204. A relevant feature of pKCL63 and pKCL72 is that the selection marker that they encode is for kanamycin resistance, which is permissible in vaccines for human use. The CFA/I operon is under the control of the ompC promoter that is selectively activated by increased osmolarity and the LTh operons are under control of the native LT promoter.
Hemagglutination. The ability of CVD 1204(pKC), CVD 1204(pKCL63), and CVD 1204(pKCL72) to hemagglutinate human type A erythrocytes was used as one measure to confirm the surface expression of CFA/I (35). Citrated, type A human erythrocytes (0.5-ml volume) were washed three times with 5 ml of 0.15 M NaCl and resuspended in the same solution to a final concentration of 3% (vol/vol). Bacteria were harvested from a plate and suspended in 1 ml of 0.15 M NaCl to an OD 600 of Ͼ1.0. On a glass slide 20 l of 0.1 M D-(ϩ)-mannose in 0.15 M NaCl, 20 l of the bacterial suspension, and 20 l of the washed erythrocytes were mixed with a sterile wooden stick.
Electron microscopy (EM). Bacterial cells harvested from overnight broth cultures of CVD 1204, CVD 1204(pKCL63), and CVD 1204(pKCL72) were washed in phosphate-buffered saline (PBS) and placed onto 300-mesh copper grids coated with carbon Formvar for 2 min. The grids were then stained for 45 s with 1% phosphotungstic acid, pH 7.2, and examined in a JEOL JEM 1200 EXII transmission electron microscope at 80 kV.
Western immunoblot analysis. Bacterial broth cultures were diluted to an OD 600 of 1.0 and then concentrated 10-fold. Purified, commercial LTh (Swiss Serum and Vaccine Institute, Berne, Switzerland) was diluted to a concentration of 50 ng/ml, and purified CFA/I was diluted to a concentration of 200 ng/ml. Bacterial and purified protein samples were mixed 1:1 (vol/vol) with Laemmli sample buffer and 5% ␤-mercaptoethanol and then boiled for 7 min. Aliquots of 5 l of each sample were electrophoresed on sodium dodecyl sulfate (SDS)-15% polyacrylamide gels. Gels were stained with Gelcode Blue Stain Reagent (Pierce, Rockford, Ill.) for visualization of protein bands or transferred to polyvinyl difluoride membranes (Millipore Corp., Bedford, Mass.) for Western immunoblot analysis. Membranes were probed with either absorbed polyclonal rabbit anti-CFA/I (22) or monoclonal mouse anti-LTA (Biogenesis). Western immunoblots were developed using BCIP/NBT membrane phosphatase substrate (Kirkegaard and Perry Laboratories, Gaithersburg, Md.).
Monoganglioside GM 1 binding assay. Periplasmic protein eluates were prepared from all strains by polymyxin B release as previously described (16, 50) . Immunolon 2 enzyme-linked immunosorbent assay (ELISA) plates were coated with 0.1 g of GM 1 per well. Plates were washed three times with PBS and then blocked with 5% fetal bovine serum in PBS for 1 h at 37°C. The plates were washed thrice with PBS-Tween. Periplasmic eluates, 100 l, were added to the plates and serially diluted twofold after an initial dilution of 1 in 10. Purified LTh (Swiss Serum and Vaccine Institute) was used to generate a standard curve by twofold serial dilution, starting at a concentration of 200 ng/ml. Plates were incubated for 2 h at 37°C and then washed thrice with PBS-Tween. Rabbit anti-CT antiserum diluted 1:3,200 in PBS-Tween-1% fetal bovine serum was added. Plates were then incubated for 1 h at 37°C and then washed three times with PBS-Tween. Goat anti-rabbit IgG (GIBCO BRL)-alkaline phosphatase conjugate diluted 1:5,000 in PBS was added at a concentration of 100 l/well. Plates were incubated for 1 h at 37°C. After washing three times with PBSTween, 100 l of alkaline phosphatase substrate (Kirkegaard and Perry Laboratories) was added to each well. Plates were incubated at 37°C for 45 min. Reactions were terminated by the addition of 3 N NaOH (50 l/well). Plates were read at 405 nm with a Titertek Multiskan Multisoft ELISA reader (ICN, Costa Mesa, Calif.). Regression analysis (R 2 Ͼ 0.9) was used to generate a standard curve for determination of LT concentrations in each sample.
Growth studies. Overnight 5-ml LB broth cultures (37°C) were subcultured 1:100 in fresh broth and grown again at 37°C, and the absorbances were measured at 600 nm at 30-min intervals.
Immunizations and sample collection. Overnight cultures of the immunizing strains were harvested from TSA-guanine plates (with kanamycin as required) with PBS to a concentration of 10 10 CFU/ml. After sedation with a 1:1 solution of ketamine-xylazine, randomized, female, Hartley guinea pigs (8 weeks old) were immunized intranasally with 100 l of the bacterial suspension. An identical booster dose was administered 14 days later. Tears, elicited from guinea pigs as previously described (44) , were collected in 50-l capillary tubes. Blood was obtained from anesthetized guinea pigs by cardiac puncture on days 0, 14, and 28 postimmunization.
ELISA. Antigens used in ELISA included hot water-phenol-extracted S. flexneri 2a lipopolysaccharide (LPS) from strain 2457T (44, 58) , purified CFA/I fimbriae from strain H10407 (22) , and LTh (Swiss Serum and Vaccine Institute). IgA antibodies against S. flexneri 2a LPS, CFA/I, and LTh in tears were measured by ELISA using rabbit anti-guinea pig IgA ␣-chain-specific antibody (Bethyl Laboratories, Inc., Montgomery, Tex.). Specific IgG LPS, CFA/I, and LTh antibodies in sera of guinea pigs were determined by ELISA using goat anti-guinea pig IgG (Kirkegaard and Perry Laboratories) conjugate. The initial dilutions were 1:25 for sera and 1:40 for tears. The end point titer was determined to be the highest dilution giving an A 405 value of Ͼ0.1. This cutoff value was determined as the mean Ϯ 2 standard deviations above the mean OD value of 20 normal guinea pig samples run at a 1:20 dilution. Data were analyzed by Student's t test (one tailed).
Protection assay. Wild-type S. flexneri 2a strain 2457T was harvested from TSA plates into PBS to a concentration of 5.5 ϫ 10 9 CFU/ml. Groups of vaccinated and sham-immunized guinea pigs (n ϭ 5 per group) were challenged by the Sereny keratoconjunctivitis test by administering 10 l of the bacterial suspension into the conjunctival sac of one eye (54) . Guinea pigs were examined for 5 days by an observer who was unaware of the immunization status of the animals, and the degree of inflammatory response, if any, was graded as previously described (44) .
RESULTS
ETEC antigen expression in attenuated S. flexneri 2a strain CVD 1204. The expression plasmids (Fig. 1) encoding nontoxic LThs and/or CFA/I were electroporated into S. flexneri 2a strain CVD 1204. A 15-kDa polypeptide was detected in whole-cell lysates of CVD 1204(pKC), CVD 1204(pKCL63), and CVD 1204(pKCL72) but not of CVD 1204 (Fig. 2A) . Immunoblotting with specific CFA/I antiserum confirmed that this was the 15-kDa CfaB subunit (Fig. 2B) , the major structural component of CFA/I fimbriae. Although CfaB is the main component of CFA/I fimbriae, effective export and surface assembly of the fimbriae are dependent on appropriate expression of all the genes encoded in the CFA/I operon. CVD 1204(pKC), CVD 1204(pKCL63), and CVD 1204(pKCL72) were all agglutinated with rabbit anti-CFA/I. In addition, these strains agglutinated type A human erythrocytes in the presence of D-mannose, providing strong evidence that the CFA/I fimbriae were assembled in a functional conformation on the surface of the CVD 1204 derivatives. Surface expression and typical fimbrial morphology were confirmed by EM (Fig. 3) .
In order to demonstrate that mutant LTh was coexpressed with CFA/I in CVD 1204, the same whole-cell lysate samples were electrophoresed on an SDS-polyacrylamide gel and transferred to a protein binding membrane. Western immunoblot analysis of the membrane with mouse monoclonal anti-LTA antibodies detected the 30-kDa A subunit of LT in whole-cell lysates of CVD 1204(pKCL63) and CVD 1204(pKCL72) (Fig.  2C) . No band of this molecular mass was detected in the immunoblots of the control strains that carry plasmids lacking the elt operon (Fig. 2C, lanes A, D, and E) .
Periplasmic eluates were prepared from H10407, CVD 1204, CVD 1204(pKC), CVD 1204(pKCL63), and CVD 1204 (pKCL72) and subjected to a monoganglioside GM 1 binding assay to determine if the B subunits of the detoxified LTh would assemble into ganglioside-binding pentamers (21) . No GM 1 binding was detected in periplasmic eluates of CVD 1204 or CVD 1204(pKC), the strain expressing CFA/I alone ( Table  2 ). In contrast, GM 1 binding was detected in the periplasmic eluates of H10407, CVD 1204(pKCL63), and CVD 1204 (pKCL72) ( Table 2 ). The mutant LTh-expressing CVD 1204 strains produced more LTh than the wild-type ETEC H10407 under laboratory growth conditions, presumably because of the multiple plasmid copies carrying the LTh operon.
Since expression of foreign antigens can impose a metabolic burden on a vector strain, we performed a growth study on S. Figure 4 shows that although there was a visible but small difference in growth rates between CVD 1204 alone and CVD 1204 expressing CFA/I and/or LTh, the difference was not considered important in terms of overall growth time.
Immunization studies. Guinea pigs were immunized intranasally with two doses, 14 days apart, of CVD 1204, CVD 1204(pKC), CVD 1204(pKCL63), or CVD 1204(pKCL72). Mucosal IgA antibodies against S. flexneri 2a LPS were detected in tears of all vaccinated animals following the primary immunization with each of the vaccine strains (Fig. 5A ). Serum IgG against S. flexneri 2a LPS was not detected until two doses of the vaccine strains had been administered. The postvaccination geometric mean titers of sIgA (in tears) and serum IgG anti-S. flexneri 2a O antibody were similar among the groups of animals immunized with the various live strains (P Ͼ 0.05).
All animals receiving a CVD 1204 derivative expressing CFA/I responded with high titers of sIgA and serum IgG antibodies against CFA/I following the primary immunization ( Fig. 5C and D) . These titers were boosted to very high levels following a second dose. There was no significant difference (P Ͼ 0.05) in either sIgA or serum IgG titers between groups immunized with strains expressing LThR72 or LThK63 and CFA/I compared with the group expressing CFA/I alone. Thus, in these experiments there was no evidence that coexpression of mutant LTh adjuvanted the immune responses to CFA/I.
Within the groups of guinea pigs immunized with CVD 1204 strains expressing LThK63 or LThR72, 40% of the guinea pigs exhibited sIgA or serum IgG responses against LTh after boosting (Fig. 6 ). There were no significant differences in titers between the groups immunized with strains expressing LThK63 or LThR72.
Challenge assay. In order to verify that coexpression of ETEC antigens did not alter the ability of the live vector strain CVD 1204 to confer protection against Shigella, immunized animals were challenged with wild-type S. flexneri 2a strain 2457T in the guinea pig keratoconjunctivitis model. All nonimmunized control guinea pigs developed purulent keratoconjunctivitis following Sereny test challenge with wild-type S. flexneri 2a (Table 3) . None of the guinea pigs immunized with CVD 1204 or CVD 1204 expressing any ETEC antigen developed purulent keratoconjunctivitis during the course of observation.
DISCUSSION
Several years ago we first demonstrated that Shigella could be used as a live vector to deliver ETEC antigens to the mucosal immune system. In attenuated ⌬aroA ⌬virG S. flexneri 2a strain CVD 1203, we successfully coexpressed from two separate plasmids the ETEC fimbriae CFA/I and fibrillae CS3 (43) . Following mucosal immunization of guinea pigs with the live vector, strong immune responses to both ETEC fimbrial antigens were demonstrated (43) . In the current study, we refined a prototype Shigella-ETEC vaccine to one more suitable for use in humans. We expressed in ⌬guaBA S. flexneri 2a vaccine strain CVD 1204 two ETEC antigens, mutant LTh and CFA/I fimbriae, from a single plasmid also encoding kanamycin resistance, a selection marker suitable for human vaccines.
CVD 1204 is one of a new generation of attenuated Shigella vector strains based on deletions in guaBA (42) . Our previous constructions utilized ⌬aroA ⌬virG S. flexneri 2a strain CVD 1203, which in volunteer studies was found to be highly immunogenic and well tolerated at low (10 6 PFU) dosage levels but unacceptably reactogenic at high (10 8 to 10 9 PFU) dosages (27, 44) . Shigella vaccine strains with a deletion in guaBA are highly attenuated in animal models (2, 42) . Moreover, CVD 1207, a ⌬guaBA ⌬virG ⌬set ⌬sen S. flexneri 2a strain, was recently found in a phase 1 clinical trial to be the most attenuated derivative of wild-type strain 2457T that we or others have so far been able to achieve (28) .
We found that the expression of CFA/I alone or CFA/I coexpressed with mutant LTh in ⌬guaBA S. flexneri 2a strain CVD 1204 did not diminish in the guinea pig model the immune response elicited against the protective O antigen of the vector strain itself. Indeed, following the priming immunization, all immunized animals produced sIgA antibodies against S. flexneri 2a O antigen. We then confirmed that expression of ETEC fimbriae and mutant LT did not diminish the capacity of the vector strain to protect against challenge with Shigella in the Sereny test in guinea pigs. Modern approaches to ETEC oral vaccine development involve various strategies to elicit antifimbrial and antitoxic immunity, including the use of formalin-killed whole-cell ETEC in combination with recombinant CTB (1, 25, 52, 53) and encapsulated fimbrial antigens (14, 55) . An attraction of the approach that we are pursuing is that it is directed jointly against two diarrheal pathogens that cause disease in the same target populations, namely, young children in developing countries and travelers.
It is highly encouraging to observe that attenuated S. flexneri 2a strain 1204 expressing CFA/I elicited high titers of sIgA and serum IgG anti-CFA/I antibodies following mucosal immunization of guinea pigs. The fact that this was accomplished with a plasmid carrying a selection marker (kanamycin resistance) that is compatible with use in humans brings us a step closer to a clinical trial. On the other hand, these preclinical studies identified a problem with the LTh component of the double expression plasmids. Only 40% of the immunized animals exhibited anti-LTh responses, and the level of responses were similar for both the LThK63 and the LThR72 constructs. Based on preliminary experiments carried out after these observations, we hypothesize that the reason for the modest immunogenicity of the mutant LTh constructs relates to insufficient expression driven by the native LT promoter. Accordingly, different promoters have been introduced that markedly increase the level of expression. We expect to test this hypothesis in the near future through immunogenicity studies with constructs having higher expression levels of mutant LTh.
There have been multiple reports that LTK63 and LTR72 manifest an adjuvant effect when they are coadministered intranasally with bystander antigens (11, 12, 20, 37, 49 (23) demonstrated adjuvant activity of detoxified LT in increasing immune responses to Shigella vaccine strains when coadministered in purified form. In contrast to these reports, we failed to detect an adjuvant effect against either Shigella LPS or CFA/I in groups immunized with constructs expressing both nontoxic LTh and CFA/I. This lack of adjuvant effect could be due to the periplasmic location of LTh in Shigella or the level of LTh expression in our constructs. Future work will involve increasing nontoxic LTh expression with the use of stronger promoters in our Shigella derivatives which coexpress fimbriae and nontoxic LTh constructs.
In addition to nontoxic LTh, a comprehensive vaccine against ETEC will have to include the several fimbrial types most commonly associated with human ETEC infection, at the least CFA/I and CS1 through CS6 (32, 48, 59) . Although antibody cross-reactivity has been demonstrated among some of the fimbrial types, cross-protection is not believed to occur between ETEC strains of different fimbrial types (30) . That immune responses against multiple fimbrial types can be elicited when multiple ETEC strains are used in a vaccine formulation has been reported with the formalin-killed cholera B subunit vaccine (1, 25, 52, 53) . Similarly, Mel et al. (38) (39) (40) were able to confer immunity against several Shigella serotypes using a combination live oral vaccine containing several different serotypes of attenuated streptomycin-dependent Shigella strains. These reports are encouraging for our approach to develop a multivalent hybrid live Shigella-ETEC vaccine which will ultimately contain five attenuated Shigella strains (serotypes Shigella dysenteriae 1, S. flexneri 2a, S. flexneri 3a, S. flexneri 6, and Shigella sonnei), each expressing ETEC fimbrial antigens and a mutant LTh. This S. flexneri trio shares a group or type antigen with the other 12 S. flexneri serotypes and subtypes, and cross-protection was demonstrable in the guinea pig model (41) . The abilities of a prototype attenuated Shigella live vector to coexpress CFA/I and mutant LTh from a single plasmid encoding kanamycin resistance, to stimulate anti-CFA/I responses in all immunized animals and anti-LT in 40% of the animals, and to retain the capacity to protect against wild-type Shigella constitute additional landmarks of progress in this ambitious project. 
